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This invemion relates to a process for resolving I-azabicyclo[Z2.2Ioctan.3-ainine. 2-(diphenyImetliyl)-N-[[2-metIioxy-5- 
<l-roethylcthyl)phcnyr]mcthyl) coniprising reacting l-azabicyclol2.2.2]octan-3-amine. 2.(diphenytelethyl)-N^l2-^letil03ty-5<l• 
metiiylethyl)phenyl]nicdiyl] with IRKO-lO-canphoisulfonic add in sotvent capabte of dissolving both of the forgoing reagents, and 
selectively dissolving die camphoisulfomc acid salt of die conesponding (2R, 3R) enantiomer relative to die 3S) enantiomer, 
to foim die camphoisulfonic add salt of (2S. 3S)-l-axaWcycloI2.2.2]octen-3-amine. 2-(diphcnyhncttiyl>N-(t2™fho^-5-(l 
metbylediyl)phenyl]metfiyl]. and dien optionally hydrolyzing such salt to obtdn die free base of die (2S, 3S) enandomer. 
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S RESOLUTION OF 1-AZABICYCLQr2.2^1 OCTAN^S^IME. 

g4DIPHgiSIYLMETHYLVN4f24i/aETHOXY^n-ME^ 

This invention rolaSes to a proooss for resolving 1-es&bieycto[2.22]octen-3- 
amind. 2-(diph(9nylm®thyl)-N-[[2Hn(sAhoxy-5*(1-m0thyli^ 

Tho abovo compound (hdrolneftdr also refoffGd to es °tho rsLComato^) and tho 
10 (2S, 3S) onantiomer of such compound (hGroinafter also mt(msa to @3 °th® (2S, 9S) 
enanticmer") aro substane® P roceptor antagonists that m® us€iiui In the treatment and 
prevention of a ^de variety of central nenfous system, gastrointestinal, inflammatory 
and other disorders. The racemate and the (2S» 3S) (^iiantiomer, as v^feil as methods 
by v^ich they can be prepared, are refemsd to In United States Patent Application 
1 5 08/21 1 ,120, which filed on May 23, 1 99^ as the U.S. national phase of Intemational 
PctOTt Application PCT/U.S. 92/0331 7, which was filed on April 28, 1992. United States 
Patent Application 08/211 ,120 is incorporated herein by reference in its entirety. Soth 
the above compounds and methods for preparing thdim (ure refem^^ to, gen(^eally. In 
United States Pat(S7it 5,1g2.^9, v^ich issudd on November 10. 1992. This patent is 
20 also incorporated herein by reference in its entirety. 

Summon/ of the Invention 
This invention relates to a process for resolving 1°©sabicyclo[2.2.2]octan«3- 
amine, 2-(diphenylmethyl)^[l2-methoxy'«-(1-methyl®thyl)phenyl]me^ comprising 
reacting 1 -a2®bieyclo[2.2.2]oet©n-3-amine, 2-(dlph(syiylm®thyi).N-[[2-methoxy-5-(1- 
25 methylethyl)phenyl]mcsthyll with 1 R-(-)-10-camphorsuKfonlcacld in an appropriate soh/isnt 
to form the camphoreuKonie add salt of (2S, 3S)-1-®S{^ieyclo[2.2.2]octan-3-amlne, 2- 
(dlphenylmethylHs!-[I2<wetho2ty-6-(1-methylethyl)phenyam^ and then option©!ly 
hydrolyztng such salt to obtain the free base of the (2S, 3S) enantiom(^. 

The solvent for the above resolution can be any solvent that Is capable of 
30 resolving both the racemate and the eamphorsulfonie add resolving agent and of 
selectively dissolving the eamphorsulfonie add salt of the corresponding (2R,3R) 
enantiomer relative to ^at of the (2S,3S) enantiomer. Examples of such solvents sra 
acetonitrile acetone and ethand. AcetonHrile is preferred. 

The camphorsuKonic add salt of the (2S, 3S) enanfiomer that is obtained from 
35 the above resolution process can be optionally repulped as e»emplified In section B, 
paragraph 2 of the Example, to increase the optical purity of the product. 
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Detailed Description of the Invention 
Scheie 1 below illustrates a method by which the racemate can be prepared. 
Scheme 2 below illustrates the resolution of the racemate to form the camphorsulfonic 
add salt of the (2S. 3S) enantiomer. Scheme 3 illustrates the deavage of the 
5 camphorsulfonic add salt of the (2S, 38) enantiomer to form ttie optically active free 
base of such enantiomer. 



<WO ei7039e4A1 Jj> 



wo 97/03984 



PCT/IB96A)0648 




BNSOOCIOc <W0 ^0703884A1J.> 



wo 97/03984 



PCT/IB96/00648 



SCHEME 2 




BNSOOaO: <WO 970a88rt1J_> 




BNSOOCtO: <W0 p7C»e84A1J.> 



wo 97/03984 PCr/IB96/00648 

•6- 

Refening to scheme 1 . the racemate can be prepared by the following two step 
procedure. The first step involves dehydration of the compound of formula I by 
reaction with the compound of fomiula II in the presence of a catalytic amount of 
camphorsulfonic add and a drying agent or apparatus designed to remove 
5 azeotropically the water generated (e^, molecular sieves or a Dean Stark trap), to 
produce an imine intermediate of the fonnula 



10 



16 




VIII 



20 Suitable solvents tor this reaction include toluene, dichloromethane, benzene and 
xylenes. Suitable drying agents/solvent systems include magnesium sulfate, titanium 
tetrachlorid^dichloromethane, titanium isopropoxide/dichloromethane and molecular 
sieves/THF* Magnesium sulfate is preferred. When a Dean-Stark trap is used, the 
solvent is preferably toluene. This reaction may be run at a temperature from about 

25 25<>C to about 1 10^C* The reflux temperature of the solvent is preferred. 

Examples of other catalysts that may be used in place of camphorsulfonic add 
are methanesulfonic add and paratoiuenesutfonic ackl. 

The imine intermediate may be reacted in sitj (as descrit>ed in the Example) or 
after being isolated, with a redudng agent such as sodium triacetoxyt>orohydride. 

30 sodium cyanoborohydride, sodium borohydride, hydrogen and a metal catalyst, ^nc 
and hydrochloric add, borane dimethylsulfide or formic acid, to produce the racemate. 
Suitable reaction inert solvents for this reaction include non-ketone containing solvents 
such as lower alcohols (e.g. . methanol, ethanol and isopropanoQi acetic acid, 



BNSOQCtO: <WO__07O39a4A1.L> 



wo 97/03984 



PCT/IB96/00648 



•7- 

chloroform, isopropyl ether, methylene chloride, tetrahydrofuran (THF), and 
combinations of the foregoing solvents, e^, acetic acid in THF or acetic acid in 
methylene chloride. This reaction is generally carried out at a temperature from about 
O^C to about 30^0, preferably from about O^C to about lO^C. When sodium 
5 triacetoxyborohydride is the reducing agent, It is preferable that the solvent be other 
than a lower alcohol. Preferably, the redudng agent Is sodium triacetoxyborohydride 
and the solvent is acetic acid in THF. 

The resolution step, which is illuslrated in scheme 2, comprises reacting 1- 
azabicyclo[2.2.2]octan-3-amine, 2-(diphenylmethyl)-N-[[2-methoxy-6-(1- 
1 0 methylethyl)phenyl]methyl] with 1 R-(-)-1 0-camphorsuKonic add in a solvent capable of 
dteeolving both of the foregoing reagents and of selectively (L&, preferentially) 
dissolving the camphorsulfonic add salt of the conesponding (2R,3R) enantiomer 
relative to that of the (2S,3S) enantiomer, and stlning the mixture to form the optically 
active camphorsulfonic add salt of (2S, 3S)-1*azabicydo[2.2.2]octan-3-amine, 2- 
1 5 (dlphenylmethyl)-N-[[2-methoxy-5-(1-methylethyl)phenyl]methyil. The salt can then be 
isolated using conventional techniques (e.g. , as described in section B. paragraph 1 
of the Example, by stining for several hours, filtering off the predpitate, washing the 
filter cake and vacuum drying). 

The above resolution is preferably carried out under a nitrogen atmosphere. 
20 The reaction temperature can range from about lO^C to about SO^C, with the higher 
temperatures in this range favoring optical purity over yield and the tenrtperatures at the 
lower end of the range favoring yield over optical purity. 

The camphorsulfonic acid salt of the (2S, 3S) enantiomer that is obtained from 
the above resolution process can be optionally rq>ulped, as exemplified in section B, 
25 paragraph 2 of the Example, to Increase the optical purity of the product. 

The camphorsulfonic acid salt of (28, 3S)-1-azabicydo[2.2.2]oelan-3-amlne, 2- 
(d)phenylmethyl)-r4-[[2-fnethoxy-5K1*methylethyl)phen^ can also optionally be 
hydrolyzed, as depicted in scheme 3, to obtain the free base of the (2S, 3S) 
enantiomer. Such hydrolysis can be accomplished by reacting the salt with an 
30 appropriate alkaline agent using methods well known to those skilled In the art. For 
example, the optically active predpitate can be partitioned between dichloromethane 
and an aqueous base such as sodium or potassium hydroxide or potassium carbonate. 
. or an alcoholic solution of the precipitate can be stirred with a basic ion exchange 
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resin. The tree base, which is obtained in solution, can thm be Isolaled or converted 
in solution to the corresponding hydrochloric acid salt or other desired add addition 
salt. 

Another, method by which the racemate can be prepared is described below. 
5 (This method can also be used to prepare the (2S» 3S) or (2R» 3R) enantiomer). 
A compound of the formula 



10 



15 




XI 



wherein X is hyidrogen or melhoxy, having the same absolute stereochemistry as the 
desired product, is subjected to hydrolyUc removal of the benzyl or methoxybenzyl 
group to produce the corresponding compound of the formula 




VI 



having the same desired stereochemistry, and then reacting the above compound so 
30 fonned with an aldehyde of the formula 
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VII 



in the presence of a reducing agent. 

Hydrolytic removal of the benzyl or nnethoxybenzyl group is generally carried out 

10 using a strong mineral acid such as hydrochloric, hydrobromic or hydrolodic acid, at 
a temperature from about room temperature to about the reflux temperature of the add. 
Preferably, the reaction is conducted in hydrobromic add at the reflux temperature. 
This reacUon is usually carried out for a period of about 2 hours. 

Altematively, hydrolytic removal of the benzyl or methoxybenzyl group in the 

15 above procedure may be replaced by hydrogenolytic removal of such group. 
Hydrogenolytic removal is generally accomplished using hydrogen In the presence of 
a metal containing catalyst such as platinum or palladium. This reaction is usually 
conducted in a reaction inert solvent such as aeetio add or a lower alcohol, at a 
temperature from about O^C to about SO^C. The benzyl or methoxyberizyi group may 

20 also be removed, altematively, by treating the compound of fonnuia II wHh a dissolving 
metal such as lithium or sodium in ammonia at a temperalufe ftom about to 
about 78^C, or with a formate salt in the presence of palladium or with cyclohexane in 
the presence of palladium. 

Preferably, the benzyl or methoxybenzyl group is removed by treating the 

25 compound of formula XI with hydrogen in the presence of palladium hydroxide on 
carbon in methanol containing hydrochloric add at a temperature of about 26^0. 

The resulting compound of formula VI can be converted into the desired 
racemate (or enantiomer) by reaction with the aldehyde of formula VII in the presence 
of a redudng agent. The reaction is typically carried out using a reducing agent such 

30 as sodium cyanot>orohydride, sodium triacetoxyborohydride, sodium borohydride, 
hydrogen and a metal catalyst, dnc and hydrochloric acid, borane dimethylsulfide or 
formic acid at a temperature from about -60^ C to about 50^C. Suitable reaction inert 
solvents forthis reaction indude non^cetone containing solvents such as lower alcohols 
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(e,a. . methanol, ethanol and isopropanol), acetic add, methylene chloride, 
tetrahydrofuran (THF), and combinations of the foregoing solvents. Preferably, the 
solvent is methylene chloride, the tmiperature is about 25^C, and the reducing agent 
is sodium triacetoxyborohydride. 
5 Altemalivdy , the reaction of the compound of the fomnula VI with the compound 

of ttie formula VII may be carried out in the presence of a drying agent or using an 
apparatus designed to remove azeotroptcaily the water generated, to produce an imine 
of the formula 



10 



15 




VIII 



20 

which is then reacted with a redudng agent as described above, preferably with sodium 
triacetoxylMrohydride at about room temperature. The preparation of the imine is 
generally carried out in a reactfon inert solvent sueh ae benzene, xylenes or toluene, 
preferably toluene, at a temperature from about 26^C to about IIO^C, preferably at 

25 about the reflux temperature of the solvent. Suitable drying agents/solvent systems 
include titanium tetrachioride/dldiloromethiane, titanium isopropoxide/dichloromethane 
and molecular sieves/THP. Titanium tetraehloride/dichloromethane is preferred. 

The racemate (and both enantiomers) can also be prepared from a compound 
of the formula Vi having the same stereochemistry by reacting the compound of formula 

30 VI with a compound of the formula 



! 
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5 



L 




IX 



OCH3 



wheran L is a suitable leaving group (e.g. , chloro, bromo, iodo or mesylate). This 
10 reaction is generally canted out in a reaction inert solvent ^ch as dichloromethane or 
THF, preferably dichloromethane, at a temperature from about O^C to about 60»C, 
preferably at about 25^ C. 



of the f omnula VI having the same stereochemistry by reacting the compound of formula 
1 5 VI with a compound of the f omnula 



wherein L is defined as above or is imidazole, and then reducing the resulting amide. 
This reaction is typically carried out in an inert solvent such as THF or dichloromethane 

25 at a temperature from about -20^C to about 60^C, preferably in dichloromethane at 
about O^C. ReducHon of the resulting amide is accomplished by treatment with a 
reducing agent such as borane dimethylsulfide complex, Pthium aluminum hydride or 
diisobutylahjminum hydride in an in«t solvent such as ethyl ether or THF. The reaction 
temperature may range from at>out 0^ C to about the reflux temperature of the solvent 

30 Preferably, the reduction is accomplished using bonuie dimethylsulfide complex in THF 
at about 60^0. 

The racemate and the (2S, 3S) enantiom^ are basic in nature and are therefore 
capable of forming a wide variety of different salts with various inorganic and organic 



The racemate (and both enantiomers) can also be pr^ared from a compound 



20 




X 



OCHj 
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acids. Although such 8@lt8 mvisl bo phamiaceutieally accopteble for administration to 
animals, it is often dostrabl® in praeUco to initially isolate th® aetiv® compound from the 
reaction mixture qb a ph@rmaeeuticaily unaee<^>table salt and then simply convert the 
latter back to the free base compound by treatment \Afith an alkaline reagent and 

5 subsequently conv^ the latter free base to a pharmaeeutically acceptable add addition 
salt. The acid addition salts of the raeemate and (2S, 3S) enantibmer can be readily 
prepared by tresiting the base compound yM\ a substantially equivalent amount of the 
chosen mineral or organic add In an aqueous solv(^ medium or in a suitable organic 
solvent, such as methanol or ethanol. Upon careful evaporation of the solvent, the 

10 desired solid salt is readily obtained. 

The rac(smate and the (2S, 3S) enantiomer and their pharmaceutically 
acceptable salts (h(3?t2jn(^er also referred to as "^e active compounds") ^ibR 
substance P receptor binding activity and therefor® are of value in the treatment and 
prevention of cliniool conditions or disorders in mammals, including humans, the 

15 trts^^ent or prevention of t^ich can be ei^ected or facilitgited by a decrease In 
substance P mcE^ated neurotransmission. Sudi conditions Inctude inflammatory 
diseases (e,G.. aiTthritis, p^rksis, asthma and inflammatory bov^el disease), an^dety, 
depn^on or d^^hymic disorders, colitis, emesis, psychosis, p®in, allergies such as 
eesema and rhinitis, chronle obstructive alr^ys disease, hypersensRivity disorders such 

20 as poison ivy, hypertension, vasospastic diseases such as angirm, migraine and 
Reyneud's dise@se, fibroshg and collagen diseases such as scleroderma and 
eosinophilicfaseioliasis, reflensyrvipatheiicdystrophysuch as shoulder/hand syndrome, 
addiesion disorders such as alcoholism, stress related somatic disorders, periph<Eral 
neuropathy, neurslgia, neuropathologiesi disorders @udi as Alshdmer^ disease, AIDS 

25 related dementia, diabetic neyropaShy and multiple sclerosis, sunburn, stroke, eye 
disorders, disorders related to immune enhancement or suppression such as systemic 
lupus erythematosus, disorders caused or mediated by angiogenesis or of which 
angiogenesis is a symptom, and rheumatic diseases such as fIbrosHis. 

The active eorvipounds can be administered via z\ih& the oral, parenteral or 

30 topical routes. In general, these compounds are most desirably administered In 
dosages ranging from about 0.5 mg to about 500 mg per day» although variations ysM 
necessarily occur depending upon the \Afeight and condition of the subject bdng 
treated and the particular route of sdministration chosen. Variaiions may ooeur 
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depending upon the species of animal being treated and its incSvidual response to said 
medicament, as well as on the type of phamiaceutical fomnulation chosen and the time 
period and intenml at which such administration is earned out* In some instances, 
dosage levels l>elowthe lower limit of the aforesaid range may be more than adequate. 
S while in other cases still larger doses may be employed without causing any harmful 
side effect, provided that such larger doses are first divided into several small doses for 
administration throughout the day. 

The active compounds may be admlrxistereci aione or in combination with 
pharmaceuticaHy acceptable carrim or diluents by either of the three routes previously 

1 0 indicated, and such administration may be carried out in single or multiple doses. More 
particularly, such compounds can be administered in a wide variety of dlffer&nX dosage 
fomis, Le.. they may be combined with various pharmaceutlcaily acceptable inert 
carriers in the forni of tablets, capsules, lozenges, troches, hard candles, powders, 
sprays, creams, salves, suppositories, jeHies, gels, pastes, lotions, ointments, aqueous 

15 suspensions, Injectable solutions, elixirs, syrups, and the like. Such carriers include 
solid diluents or fBlers, sterile aqueous media and various nontoxic organic solventet 
etc. Moreover, oral pharmaceuiioal compositions can be suitably sweetened and/or 
flavored. In general, the active compound or a pharmaceutlcaily acceptable salt thereof 
is present In such dosage forms at concentration levels ranging from about S.0% to 

20 about 70% by weight. 

For oral adrrdnistration, tablets containing various exdpients such as 
microcrystalline cellulose, sodium citrate, calcium carbonate, dlcaldum phosphate and 
glycine may be employed along with various dislntegrants such as starch (and 
preferably com, potato or tapioca starch), alglnic add and certain complex silicates, 

25 together with granulation binders like polyvinylpyrrolidone, sucrose, gelatin and acada. 
Additionally, lubricating agents such as magnesium stearate, sodium lauryl sulfate and 
talc are often very useful for tabietting purposes. Sdid compositions of a similar type 
may also be emptoyed as fillerB in gdatin capsules; preferred materials in this 
connection also indude lactose or milk sugar as wdl as high molecular weight 

30 polyethylene glycols. When aqueous suspensions and/or elixirs are desired for oral 
administration, ttie active ingredient may be combined with various sweetening or 
flavoring agents, coloring matter or dyes, and, if so desired, emulsifying and/or 
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suspending agents es mil. togfithor t;%fRh such dUumts as mter, sihenol, propylme 
glyeol, glye^ and viirious llh® combinations thereof. 

For per&Aerol admirtistratbn, sohitions of an aeiiva compound in eithar sesame 
or peanut oil or in aqueous propylene glycol may be employed. The aqueous solutions 
5 should be suftably buffered (preferably pH greater than 8) if necessary and the Oquid 
diluent first rendered isotonic. Thi^e aqueous solutions are suitable for intravenous 
injection purposes. The oily solutions are suiteble for intr@afticular, intramuscular and 
subcutaneous injection purposes. The preparefion of all these solutions under sterile 
concfiUons is readily accomplished by standard pharmaceutical techniques mil knovm 

10 to those skiiled in the art 

Additionally, It Is also possible to administer the activ® eompounds topically 
when treating inflammatory conditions of the stdn arui this may pre^wably be done by 
way of creams, jelfies, goiis, pastes, ointments and the Otte, in acoordanoe wrth standard 
phamiaoeutieal prae^ti©©. 

IS Tho activity of the active compounds as substance P receptor antagonists may 

be determined by its ability to inhibit the binding of substance P at its rtsceptor sites in 
bovine caudate tissue, employing radioactive i^ands to visuaSze thid tachytdnfn 
receptors by means of autoradiography. The substartce P antagonising activity of su^ 
eompounds may be evaluatis^ by using the standard assay proogidyre described by M. 

20 A. Casderi et aj., as reported in the Joumal of Bioloei^ ChemlstFv . Vol. 258 . p. §1^ 
(1933). This method essentially involves determining the coneentratlon of the active 
cof?ipound of this invention, or a pharmaeeutiealty acceptable salt thereof, required to 
reduce by S0% the amount of radiolabdldid substance P ligimds their receptor sit(^ 
in said isolatod cow tissues, thereby affording characteristic IC^ values for the 

.25 compound t(^^. 

In this procedure, bovine caudate tissue is removd^ from a <-70^C freeser and 
homogenised in 50 volumes (wTv.) of an Icoeoid 50 mM Tris trim(3tham!ne which 
is 2-aminp-2-hydro5jym®thyl-1.3^ropan®dlei) hydrochloride buffer having a pH of 7.7. 
The homogenate is centcilfuged at 30,000 x @ for a period of 20 minutes. The pellet is 

30 resusp®nded in 50 volumes of Tris buffer, rehomogenisd^ and recentrifuged at 
30,000 x Q for another twenty- minute period. The pdlet is then resuspended in 40 
voium<sa of ice-cold SO mM Tris buffer (pH 7 J) containing 2 mft/1 of cslelum chloride, 
2 mM of magnesium chloride, 40 g/ml of bacitracin, 4^g/mi of leupeptin, 2^9 of 
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chymostatin and 200 g/ml of bovine senim abumin. This step completes the production 
of the tissue preparation. 

The radioligand binding procedure is then carried out In the following manner, 
vIZm by Initiating the reaction via the addition of 100 //I of the test compound made up 
S to a concentration of 1 //M, followed by the addition of 100 ^ of radioactive ligand 
made up to a final concentration 0.5 mIM and then finally by the addition of 800 fA of 
the tissue preparation produced as described above. The final volume is thus 1 .0 mi, 
and the reaction mixture is next vortexed and Incubated at room temperature (ga. 20^0) 
for a period of 20 minutes. The tubes are then filtered using a cell han/ester, and the 
10 glass fiber filters (Whatman GF/B) are washed four times with 50 vM of Tris buffer (pH 
7.7), with the filters having previously been presoaked for a period of two hours prior 
to the filtering procedure. Radioactivity is then determined in a Beta counter at 63% 
counting efficiency, and the IC^o values are calculated by using standard statistical 
methods. 

1 5 The anti-psychotic activity of the active compounds as neuroleptic agents for the 

control of various psychotic disorders may be determined primarOy by a study of its 
ability to suppress substance P-induced or substance P agonist induced hypennotiHty 
in guinea pigs. This study is eairied out by first dosing the guinea pigs with a control 
compound or with an appropriate test compound of the present inventloni then 

20 injecting the guinea pigs with substance P or a substance P agonist by intracerebral 
administration via canula and thereafter measuring their indMduai locomotor resporise 
to said stimulus. 

The present invention is niustrated by the following Example. K will be 
understood, however, that the invention is not limited to the specific details of tWs 
25 example. 

A. i-A2abicvclof2.2.21octan-3-amlne. 2-fdlDhenvlmethv»-N-r[2-methoxv-S-(1- 
mathvlethvl^DhenvnmethvIl 

To a 125 CO 3-neck flask fitted with a mechanical stirrer, nitrogen inlet, Dean- 
30 Stark trap and reflux condenser was charged 10 gm of 2-diphenytmethyt-1- 
azabicyclo[2.2.2]octan-3K)xide (34.3 mmoles, 1 equiv.), 6.89 gm of 1-methoxy-2- 
aminomethyl-4-lsopropylbenzene (38.43 mmoles 1.12 equiv.), 16 mg of 1R-(-)-10- 
camphorsulfonic acid (0.069 mmoles, 0.002 equiv.) and 45 cc of toluene. The resulting 
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susponsion hoated in en oil b@th to raiflim (110^0). Tho nsaetion hoaiod &t 
nsfflyjt for 3 hours ®nd @ppro». 0.@ ec of mter sod^ to eoUd^ In th® Dssn-Stsftc 
trap. The reaetton ^Af@s ©llov^dd to cool to ambient t®mper@tur® end stirr^ for 14 houfi. 
Thd ro&ction mbctur® w@s transfonrtsd to a dngl® neck fteisk and rot@iy (svaporatod to 

5 approx. 24 ce in volumo. This eonosntrat® added dmpv^se to a 200 eo 3-n®ek 
flask fitted \Aflth mechanical stinw, themiometer and nitrogen inlet and containing 1 S.1 8 
gm (S5.77 mmoles, 2*5 equiv.) of sodium triaeetoxyborohydride and 10.3 gm (171.55 
mmoies. 5 eqyiv.) of acetic acid in 50 cc of telrahydrofiLS^ pre-cooied In an iceMater 
bath to O^C. The Edition of the toluone concentrate cofTiplete a^er 7 minutes and 

0 the internal tempcs^^rd) reached +10^0. The ice bath \mB removed @nd the rt^utilng 
he^rogeneous reaction fmii^tture tAfas ailov^ to warm ambierrt temperature (24^C) and 
stir for 14 hours. The rts^^on fotlomd by Tl-C (thin layer chromatography), using 
100% eshyl acetat® ethyl aceSaSisiAfnethanoJ (2/1). 

The reaction mi^re ms thi^ rotary evaporated to ©ppro:t. 40 cc in volume 

5 and then dilutt^ i^i^ liO cc of dichioromethane. This msriure addsd to 20O cc 
of ^er \sM% magneiSc sllisving and the total mi}^e sttirred for 1 5 minutes. The pH 
of this mixture mB @®(Dn to be 4*0 and mis adjusted to pH 1 1 .0 by portionv^se addiSon 
of a 25% sodium hydro::id® solution. The organic and aqueous layers mre then 
separated and the basic aqueous layer extracted (1 X 70 cc) dichloromethane, 

0 after which the combined organic layers mre dried ov^ anhydrous magnesium sulfate 
for one hour. The drying agent filtered off and the flKrate rotsfy evaporated to 
approximately 100 oc in volume. To this concentrate i^fas added ISO ee of 2i»ropanol 
arKi the mixture rot^evapors^ The 
final eoncentraiev^ mg^fietically stirred aS ambient temperature an^ gsiter 15minutes, 

!5 a v^ite precipitate formed. This slurry vtfas granulated for 2 hours. The t^^Re soUds 
were filtered and the filtered es&e was mahed wKh 2-propanol end vacuum dried to 
give 7.68 gm (48% yiodd) of the title compound. Melting point = 1 1 1-1 1S«C. 

An HPLC asssiy of the solids was irun on a Hewlett Packard serii^ 2 liquid 
chromatogram uaing & Zbrb^ CN column, 203 nm UV detector and a mobile phase 

10 of 55% acetonitrUe/4S% water (with 0.1% H^PO^ + 0.2% triethyiamine CTEA)) with 1 
ml/min flow rate. This analysis showed only the trans dlastereomer present at 80% 
purity. 
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B. /gS^Wl.Azablcvdof2A21octen-3-af^ 24diDhef^v^me^hv^^^^2^ne^hoxv^ 
tnflfthylflthvnDhenvnmethvll. MRW-WIO^aniDhofsutfonte add salt 

To a 125 oc 3^eek flask fitted wHh a magnetic stirrer and nitrogen Inlet was 
5 charged 5.11 gm of 1-azabicyclo[2.22]oetan-3-ainine. 2*(dlphenylmethyO-N*[[2- 
methoxy^1-msthylethyl)phenyilmethyq (11.24 mmoles. 1 equtv.) and 51 cc of 
acetonitrile to give a partial suspension. Then, 2.61 gm of (IRH-)-IO-camphorsuKonie 
add (11.24 mmoles, 1 equiv.) was added in one portion and the reaction became 
homogeneous. After stirring at ambient temperature for 5 minutes, a predpitate formed. 

1 0 Then, a further 5 cc of acetonitrile was added and the reaction was stirred for 4 hours. 
The solids were filtered off and the fitter cake was washed (2 x 6 cc) with acetonitrile 
and vacuum dried to give a white solid having a weight of 2.97 gm (38.6% overall yieldt 
77% yield of desired enantiomeric salt). Melting point = 177-182<»C. 

An HPLC assay of the crude salt (2.97 gm) was mn on a Chrom Tech Chiral- 

15 AQP column. l^obUe phase - 0.01M KH^PO^ (pH = 5.5): acetonitrile (85:15 v^). 
Detection was 229 nm UV light, flow rate was 1 m(/min, injection volume was 20 uL 
The assay showed 95.7% of the desired enantiomer and 4.3% of the undesired 
enantiomer. 

Charged to a 35 cc flask fitted with magnetic stinger were 2.87 gm of the at>ove 
20 crude salt and 20 cc of acetonitrile, and the resulting slurry was stirred at ambient 
temperature for 5 hours. The solids were then filtered off and washed (2 x 3 cc) with 
acetonitrile and then vacuum dried to give a white solid. Weight » 2.8 gm (97% mass 
recovery). I^elting pdnt - 180-185«C. 

An l-IPLC assay of the repulped salt (2.8 gm) was run on a Chrom Tech Chlral- 
26 AGP column. Mobile phase - 0.01 M KHaP04 (pH = 5.5): acetonitriie (86:15 vA^). 
Detection was 229 nm UV light, fiow rate was 1 ml/min, injection volume was 20 uL 
The assay showed 96.6% of the dedred enantiomer and 3.4% of the undesired 
enantiomer. 

The optical rotation of the repulped salt measured on a Perkin Elmer 241 
30 polarimeter using a Sodium 589 light source. The repulped salt (44.9 mg) was 
dissolved in 10 ce of methanol and used to fill a 6 cc, 1 decimeter cell. 
[aW = ^6.080. 
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C. f2S.3S^1-Azp hfr^ftp^ aoctan-3-aniine.2-(d^^ 

|1 ■mflthvlflthvnDhenvnmethvn 

In a 100 cc erlenmeyer flask fitted with magnetic stirrer was charged 2.63 gm 

(3.83 mmoles) of the repulped satt from step B above, 32 cc of dichloromethane and 
5 1 6 cc of water to give a homogeneous biphasic solution. The pH of the aqueous layer 

was seen to be 4.0 and was adjusted to pH 1 1 .00 with the dropv\^e addition of a 25% 

sodium hydroxide solution. After baslfication. the two layers were stirred for 1 5 minutes. 

The layers were separated, the organic layer was washed (1 x 16 cc) with water, the 

layers were separated, the organic layer was dried over anhydrous sodiiffn sulfate for 
10 one hour, and the drying agent was filtered off. The organic layer was stripped to a 

foam/oil mixture that on standing at ambient temperature cr^taillzed in two days. 

Weight = 1.659 gm (95.3% yield). Melting point = IOO-IO30C. 

A chiral HPLC assay run on a Chrom Tech Chiral-AGP column (100 mm x 4.0 

mm, 5 utn). Mobile phase was 0.01 M KH^PO^ (pH » 5.5): aeetonHrile (85:15 v/V). 
1 5 Detection was 229 nm UV light, flow rale was 1 ml/min and Injectton volume was 20 uL 

The assay showed 99.5% of the desired enantiomer and 0.5% of the undesired 

manUomer. 

A purity HPLC assay run on a Zorbax Rx C-8 column (15 cm x 4.6 mm I.D.). 
Mobile phase was acetonitrile: water triethylamlne: phosphoric add (650:350:3:1. 
20 v/v). Detection was 229 nm UV light, flow rate was 2.0 mt/rnin and injection volume was 
20 /iL The assay showed the product to be 99.5% pure. 

The optical rotation of the optically active free base final product was measured 
on a Pertdn Elmer 241 polarimeter ushg sodium 589 as a igltil source. The compound 
(52.4 mg) was dissolved In 10 ce of methanol and was used to fill a 5 cc ceU 1 
25 decimeter long. [a]^\^'927^ . 
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CLAIMS 

1 . This invention relates to a process for resolving 1-azabicyclo[2.2.2]octan* 
3-amine, 2-(dlphenytmethyO-N-[[2-methoxy-6-{1 -methylethyt)phenyllmethylj comprising 
reacting 1 -a2abfcycloI2.2.21octan-3-ainine, 2-{diphenytmethyl)-N-[l2-methoxy-S-(1- 

5 methylethyl)phenyilmethyl] with 1R-(-H0-camphorsulfonlc add in solvent capable of 
dissolving both of the foregoing reagents and selectively dissolving the camphorsutfonic 
acid saft of the corresponding (2R,3R) enantiomer relative to the (2S,3S) enantiomer. 

2. A process according to daim 1, further comprising hydrolyzing the 
optically active salt that predpitotes out of solution salt to obtain the free base of the 

10 (2S.3S) enantionoer. 

3. A process according to daim 1 , wherein the solvent is acetonitrile. 

4. A process according to daim 1 , wherein the solvent is acetone. 

5. A process according to daim 1 , wherein the solverrt is ethanol. 

6. A process according to daim 3, further comprising hydrolyzing the 
15 optically active salt that predfritates out of solution to obtain the Itae base of the 

(2S.3S) enantiomer. 
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